Lipemia, hemolysis, and icterus commonly interfere with laboratory tests that use optical methods (1 ) . The interference from lipemia is fundamentally different from interferences associated with icterus (bilirubin) and hemolysis (mostly attributable to hemoglobin). In lipemia, chylomicrons and VLDL are suspended particles that scatter light, producing cloudiness or turbidity similar to that seen in milk. Lipemia may interfere in any assay that uses the transmission of light as part of the detection scheme (1 ) .
To evaluate the susceptibility of methods to interferences from icterus or hemolysis, it is appropriate to prepare samples with added bilirubin or hemoglobin, respectively (2 ) . By contrast, the lack of readily available, standardized materials to produce lipemic samples complicates the evaluation of lipemia. Glick et al. (2 ) added IntraLipid, a synthetically produced emulsion for intravenous administration, to serum to simulate lipemic samples. In this issue of Clinical Chemistry, Bornhorst et al. (3 ) show that samples with added IntraLipid do not perfectly mimic lipemic samples. Thus, native lipemic patient samples have falsely low results for ceruloplasmin, prealbumin, and transferrin measured by immunoturbidimetry, whereas simulated lipemic samples prepared by adding IntraLipid do not.
To understand this discrepancy and appreciate its potential occurrence with all light-based methodologies in the clinical laboratory, one must review the features of light scattering pertinent to clinical laboratory instrumentation and the physical chemical differences between naturally lipemic and IntraLipid-supplemented samples.
When electromagnetic radiation in the form of light interacts with matter, such as lipid particles, a dipole moment is induced in the particles (4 ) . The magnitude of the dipole moment is proportional to the strength of the electric field and the polarizability of the particles (4 ). The particles do not need to reflect the light; instead, the phenomenon arises from the difference in the refractive index between the particles (solute) and the solvent (5 ). The polarizability is related to the refractive index, which for most lipid particles is around 1.3 (4 ) .
In spectrophotometry, Beer's law, A ϭ ⑀bc (⑀ being the molar absorptivity, b the pathlength of the cuvette, and c the concentration), relates the absorbance (A) to the concentration. In turn, absorbance is the negative log measure of the transmittance, or A ϭ log(I o /I), where I o is the intensity of the incident light and I is the intensity of the light as it leaves the cuvette and strikes the detector. From the perspective of the center of the cuvette, the angle toward the direction of the light source is 0 degrees, and the angle toward the direction of the detector is 180 degrees. In absorbance spectrophotometry, one assumes that the decrease in intensity of the light striking the detector is attributable to light being absorbed by the sample.
In the presence of light scattering, the light scatters in all directions, but the intensity varies according to the angle (the angle between the line of observation and the ϫ axis) and the expression 1 ϩ cos 2 () gives the relative intensity (4 ) . One can measure the diminution of the incident beam of light caused by light scattering, I o Ϫ I, where I is the light scattered. By analogy with absorption spectroscopy, turbidity is defined as ln(I o /I) (4 ). As long as the intensity of light scattering remains relatively low, the turbidity relates to the concentration of particles in a linear fashion and can be used analytically in instruments that measure absorbance. Light scattering interferes with absorbance spectrophotometric methods by diminishing the light intensity in the mechanism described above (1 ) .
Light scattering interferes with nephelometric and turbidimetric methods by mimicking the analyte-reagent product, analogous to the protean interferences of bilirubin in spectrophotometric methods (1 ) . From general observations, one is aware that the intensity of light scattering is affected by the number of particles suspended in solution, the size of the particles, the dependence of the refractive index on particle concentration, and although it is not readily apparent, the wavelength of the light (6 ) . The Rayleigh ratio, R, represents the relative ratio of the scattered light, taking the angle of scatter and the distance of the observer from the scattering particles into consideration, and it is directly proportional to I/I o . The relative intensity of the scattered light becomes proportional to the particle molecular weight (M), particle concentration (c), the refractive index (n), the refractive increment (Ѩn/Ѩc), and the inverse of the wavelength of the light () raised to the fourth power: R ϭ Kn 2 (Ѩn/Ѩc) Ϫ4 Mc, where K is a constant (6 ) . If one changes the physical chemical properties of the particles in solution, such as adding a reagent that improves or decreases the solubility of the particles in the solvent, such as the effect of a surfactant on lipid particles, then the refractive index and the refractive increment change. Such changes might explain why interferences were noted for lipemic samples with some, but not all of the immunoturbidimetric methods in the study reported by Bornhorst et al. (3 ) in this issue of Clinical Chemistry.
The wavelength of the light and the molecular weight of the particle remain as important variables in explaining the observed differences between IntraLipid and lipemic samples observed by Bornhorst et al. (3 ) . Rayleigh scattering, as described above, applies for particles smaller than the wavelength of the incident light (6 ) . The intensity of the scattered light relative to the incident light intensity follows Ϫ4 ; thus, the solution of particles will scatter light with an intensity more than ninefold greater for violet (400 nm) than for red (700 nm) light (5 ). Molecular weight enters as the third major variable. The molecular weight relates to the density times one half of the particle diameter cubed. Thus, as particles increase in size, their ability to scatter light greatly increases as well. Furthermore, particles whose diameter nears that of the wavelength of the incident light present a distortion of the Rayleigh scattering (6 ) . The distorted configuration shows less intensity near right angles to the incident light, with more intensity along the longitudinal axis (5 ). The distortion becomes noticeable when the particle (for a spheroid) diameter exceeds one fourth of the wavelength (6 ), which for visible light (400 nm) starts at 100 nm. Furthermore, as the diameter of the particle approaches the wavelength, Rayleigh light scattering loses importance and Mie scattering predominates (7 ) . In Mie scattering, back scattering of light exceeds forward scattering as particle diameters approach the wavelength in size, with angle-dependent separation of colors (rainbow effect) (7 ) . Heterogeneous mixtures appear white instead of colored because the various particle diameters scatter the light at various angles (5 ) .
The heterogeneous nature of lipemia creates difficulties in simulating samples. Both VLDL and chylomicrons effectively scatter light, causing turbidity. VLDL exists in three size classes: small (27-35 nm), intermediate (35-60 nm), and large (60 -200 nm) (8 ) . Only the intermediate and large VLDL play a major role in light scattering. All plasma samples contain a small concentration of large VLDL, but the number of VLDL particles increases in insulin resistance and diabetes, and can give rise to lipemia (8 ) . Chylomicrons represent a heterogeneous group of particles ranging in size from 70 to 1000 nm and varying greatly in size distribution and number among individuals (9 ) . Because VLDL and chylomicron particles vary greatly in size and triglyceride content, one might expect that a direct measure of triglycerides would not show good correlation with light scattering. Sonntag and Glick (10 ) first reported that triglyceride concentration poorly correlates with lipemic index (light scattering determined as the difference between absorbance at 660 and 700 nm). The effects of these two classes of lipoproteins complicate the analysis further, because their diameters range from 50 to 1000 nm, thus producing Rayleighto-Mie, complex, light scattering. Thus, use of one type of sample yields insufficient results, and one should use a wide range of lipemic samples.
IntraLipid is different from VLDL and chylomicrons. It is a sterile, nonpyrogenic fat emulsion for intravenous infusion containing, per liter, 200 mL of soybean oil, 12 mL of egg yolk phospholipids, and 22 mL of glycerin with the balance made up by water (11 ) . The particles range in size from 200 to 600 nm with a mean of ϳ345 nm (12 ) . Thus, IntraLipid completely misses the range of values for large VLDL and misses the lower and upper ranges for chylomicrons. Furthermore, the refractive index of IntraLipid is near 1.47 and differs from those of lipoproteins (12 ) . Lipemia differs from icterus and hemolysis, in that one cannot obtain a simple chemical substance, like bilirubin or hemoglobin, respectively, that can mimic many of the physical chemistry properties of the interfering substance.
One cannot avoid lipemia. Common causes of lipemia are diabetes mellitus, ethanol use, chronic renal failure, hypothyroidism, pancreatitis, multiple myeloma, primary biliary cirrhosis, systemic lupus erythematosus, total parenteral nutrition, and medications such as protease inhibitors (for HIV infection), estrogen, and steroids (13, 14 ) . Appropriate evaluations of lipemic interference should be performed for all methods.
The Technical Brief by Bornhorst et al. (3 ) makes the point that one must exercise care in interpreting the results of interference studies that use samples with added IntraLipid (or other synthetic emulsion) to simulate lipemia. Such samples may not behave the same as native lipemic samples. Three types of errors may occur: interference occurs for native samples but not for IntraLipid; interference occurs for IntraLipid samples but not for native samples; both types of samples show interferences, but the interferences differ in direction (positive as opposed to negative) or degree. Accurate evaluation of lipemic interference is important to prevent the reporting of erroneous values, and investigators should be encouraged to use native lipid samples covering a wide range of VLDL and chylomicron concentrations in these studies.
